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2-­‐2.	  HOP	  ObservaAons	  
Lead	  HOP	  informa<on	  site:	  	  h>p://www.isas.jaxa.jp/home/solar/guidance/index.html	  
2-­‐2.	  HOP	  ObservaAons	  
NASA	  site:	  	  h>p://hinode.msfc.nasa.gov/hops.html	  
2-­‐2.	  HOP	  ObservaAons	  
Submission	  Form:	  h>ps://docs.google.com/forms/d/1mvUqVsIlEZ0ta4hbzkVqKKv_kW8x6IHI584IkvaOzX8/viewform	  
2-­‐2.	  HOP	  ObservaAons	  
Calendar:	  h>p://hinode.msfc.nasa.gov/status.html	  
2-­‐2.	  HOP	  ObservaAons	  
SSC	  planning	  site:	  	  h>p://hinode.msfc.nasa.gov/submi>ed_hops.html	  
2-­‐2.	  HOP	  ObservaAons	  
**New**	  
Produc<vity	  Form:	  	  h>ps://docs.google.com/forms/d/1KeBH_RCLjzChGvrA-­‐fIyKKyvtouqJ3M00Acj3SrR5_E/viewform	  
2-­‐2.	  HOP	  ObservaAons	  
HOP	  Produc<vity	  Log:	  	  h>p://hinode.msfc.nasa.gov/opera<ons/hop_assessment/HOP_Produc<vity_Log.html	  
**	  Lack	  of	  produc<vity	  reason	  given	  (e.g.,	  insuﬃcient	  observa<ons,	  bad	  seeing,	  not	  aligned,	  etc.)	  
2-­‐2.	  HOP	  ObservaAons	  
Current	  report	  (as	  of	  Sept.	  10,	  2015):	  
	  
84	  HOPs	  repor<ng	  (~37%	  for	  HOPs	  <	  71	  +	  2	  <	  71)	  
259	  Total	  Produc<vity	  Outputs	  
115	  Refereed	  Publica<ons	  
27	  Non-­‐refereed	  Publica<ons	  [e.g.,	  Conf.	  Proceedings]	  
67	  EPO	  Ac<vi<es	  
50	  Other	  Outputs	  [e.g.,	  Talks,	  Posters]	  
Total	  Products	  Per	  Year	  
Total	  Products	  Per	  HOP	  
Non-­‐Refereed	  
EPO	  
Other	  
Refereed	  
2-­‐2.	  HOP	  ObservaAons	  
Notes:	  	  	  
	  
1.	  HOP	  run	  dates	  not	  always	  correct	  on	  HOP	  lis<ng	  page.	  
	  
2.	  Complaint	  from	  Proposer	  (Antolin):	  
	  
	  “The	  HOP	  number	  does	  not	  seem	  to	  be	  included	  in	  the	  details	  of	  the	  observa<on	  for	  the	  Hinode	  
	  instruments	  (it	  is	  included	  in	  the	  IRIS	  run	  details).	  This	  makes	  it	  very	  hard	  and	  <me	  consuming	  to	  
	  gather	  all	  the	  informa<on	  for	  a	  speciﬁc	  HOP.”	  
2-­‐2.	  HOP	  ObservaAons	  
HOP	  Proposer	  Log:	  	  h>p://hinode.msfc.nasa.gov/opera<ons/hop_assessment/HOP_Proposer_Produc<vity_Log.html	  
2-­‐2.	  HOP	  ObservaAons	  
SSC	  planning	  site:	  	  h>p://hinode.msfc.nasa.gov/submi>ed_hops.html	  
2-­‐2.	  HOP	  ObservaAons	  
Hinode	  regularly	  coordinates	  with	  both	  ground-­‐	  and	  space-­‐based	  observatories	  and	  complements	  several	  regularly	  scheduled	  data-­‐collec<ng	  
observatories(*)	  .	  	  Hinode	  also	  co-­‐observes	  with	  sounding	  rocket	  and	  balloon	  technology	  development	  demonstra<ons.	  	  Much	  of	  the	  coordina<on	  is	  
scheduled	  through	  the	  Hinode	  Opera<ons	  Plan	  (HOP)	  program.	  	  Since	  2008,	  partnering	  sites	  and	  instrumenta<on	  include	  (but	  not	  limited	  to):	  
Space-­‐based:	  
	  
Ac<ve	  Cavity	  Radiometer	  Irradiance	  Monitor	  Satellite	  (ACRIM)	  
*Advanced	  Composi<on	  Explorer	  (ACE)	  
Akatsuki	  (Venus	  probe)	  
Cassini	  (Saturn	  mission)	  
Hubble	  Space	  Telescope	  (HST)	  [WFPC3]	  
Interface	  Region	  Imaging	  Spectrograph	  (IRIS)	  
Mercury	  Surface,	  Space	  Environment,	  Geochemistry,	  and	  Ranging	  (Mercury	  
mission)	  
Nuclear	  Spectroscopic	  Telescope	  Array	  (NuSTAR)	  
Project	  for	  OnBoard	  Autonomy	  2	  (PROBA2)	  [SWAP]	  
*Ramaty	  High	  Energy	  Solar	  Spectroscopic	  Imager	  (RHESSI)	  
Solar	  and	  Heliospheric	  Observatory	  (SOHO)	  [SUMER/EIT/CDS/UVCS/MDI/
LASCO]	  
*Solar	  Dynamics	  Observatory	  (SDO)	  [AIA/EVE/HMI]	  
Solar	  Radia<on	  and	  Climate	  Experiment	  (SORCE)	  [TIM]	  
*Solar	  Terrestrial	  Rela<ons	  Observatory	  (STEREO)	  [EUVI]	  
Telescopes	  for	  EUV	  Spectral	  Imaging	  of	  the	  Sun	  (TESIS)	  
Time	  History	  of	  Events	  and	  Macroscale	  Interac<ons	  during	  Substorms	  
(THEMIS)	  
Transient	  Region	  and	  Coronal	  Explorer	  (TRACE)	  
*Wind:	  	  Comprehensive	  Solar	  Wind	  Laboratory	  for	  Long-­‐Term	  Solar	  Wind	  
Measurements	  
Ground-­‐based:	  
	  
Atacama	  Large	  Millimeter/Submillimeter	  Array	  (ALMA)	  –	  Chile	  	  
Bialkow	  Observatory	  –	  Poland	  	  
Big	  Bear	  Solar	  Observatory	  (BBSO)	  [NST/FISS/IRIM]	  –	  New	  Jersey	  
Dunn	  Solar	  Telescope	  (DST/NSO)	  [IBIS/ROSA/SHAZAM/FIRS]	  –	  New	  Mexico	  
Dutch	  Open	  Telescope	  (DOT)	  –	  La	  Palma	  
Fuxian	  Lake	  Solar	  Observatory	  –	  China	  	  
GREGOR	  Solar	  Telescope	  [GRIS]	  –	  Tenerife	  	  
Haleakala	  Observatory	  –	  Hawaii	  	  
Hida	  Observatory	  [DST]	  –	  Japan	  
Iitate	  Radio	  Telescope	  (IPRT)	  –	  Tohoku	  University/Japan	  
Kanzelhohe	  Solar	  Observatory	  (KSO)	  –	  Austria	  
Lomnicky	  Peak	  Observatory	  [CoMP]	  –	  Czech	  Republic	  
Mauna	  Loa	  Solar	  Observatory	  (MLSO)	  [CoMP]	  –	  Hawaii	  	  
McMath-­‐Pierce	  Telescope	  (NSO)	  –	  New	  Mexico	  
Meudon	  Solar	  Tower	  –	  Paris	  	  
Ondrejov	  Observatory	  –	  Czech	  Republic	  	  
Pic	  du	  Midi	  Observatory	  –	  France	  	  
Solar	  Magne<c	  Ac<vity	  Research	  Telescope	  (SMART)	  –	  Japan	  	  
Solar	  Terrestrial	  Laboratory	  [IPS]	  –	  Nagoya	  University/Japan	  
Solar	  Tower	  Telescope	  of	  Nanjing	  University	  –	  China	  	  
Swedish	  Solar	  Telescope	  (SST)	  [CRISP/TRIPPEL]	  –	  La	  Palma	  
Synop<c	  Op<cal	  Long-­‐term	  Inves<ga<ons	  of	  the	  Sun	  (SOLIS/NSO)	  –	  New	  Mexico	  	  
Vacuum	  Tower	  Telescope	  (VTT)	  –	  Tenerife	  
Very	  Large	  Array	  (VLA)	  
	  
(Note:	  	  Several	  High	  Schools	  and	  Science	  Museums	  in	  Japan)	  
Technology	  Demonstra<ons:	  
	  
SUMI	  
RAISE	  
SUNRISE	  (Balloon)	  
EUNIS	  
HIC	  (1)	  
FOXSI	  
MOSES	  (1	  &	  2)	  
VAULT	  
CLASP	  
51	  Total	  Observatories/Rockets/Balloons	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
Contributed	  by	  the	  Hinode/EIS	  team	  through	  the	  Naval	  Research	  Laboratory	  and	  University	  College	  London	  /	  Mullard	  Space	  Sciences	  Laboratory	  
Energy	  release	  at	  chromosphere	  
sends	  cooler	  plasma	  down	  to	  surface;	  
heated,	  15	  MK	  plasma	  rises	  into	  
corona	  
EIS	  and	  IRIS	  spectral	  line	  
proﬁles	  
2014	  March	  29	  X-­‐ﬂare	  
Y-­‐
Pi
xe
ls	  
(in
	  a
rc
se
c)
	  
191.65	  	  	  	  	  	  	  	  	  192.67	  
Wavelength	  (Å)	  
Fe	  XXIV	  
6	   7	   8	   9	   6	  
9	  	  	  8	  	  7	  	  6	  
Evapora<on	  in	  solar	  ﬂare	  footpoints	  observed	  by	  Hinode/EIS	  and	  RHESSI.	  	  Upﬂow	  veloci<es	  In	  excess	  of	  600	  km/s	  were	  found	  for	  
mul<-­‐million	  degree	  (~12	  MK)	  lines	  of	  Fe	  XXIV	  and	  Fe	  XXIII.	  The	  data	  are	  compared	  with	  predic<ons	  of	  1D	  hydrodynamic	  simula<ons.	  	  
The	  arrows	  indicate	  footpoint	  regions	  (Doschek	  et	  al.,	  to	  be	  submi>ed,	  2014).	  
2011	  Sep	  25	  M-­‐ﬂare	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
• The	  non-­‐thermal	  velociAes	  (Vnt)	  (e.g.,	  turbulence,	  
mul<ple	  ﬂow	  sites)	  have	  been	  measured	  in	  the	  
corona	  using	  the	  spectral	  line	  of	  Fe	  XII	  at	  195.12	  Å	  
observed	  by	  Hinode/EIS.	  
• The	  magne<c	  nulls	  at	  high	  la<tude	  regions	  were	  
	  determined.	  These	  show	  changes	  during	  the	  cycle	  
	  induced	  by	  the	  opposite	  polarity	  streams	  reaching	  
	  the	  poles.	  	  
• The	  coronal	  Vnt	  does	  not	  show	  such	  varia<on	  –	  	  
this	  lack	  of	  varia<on	  during	  the	  cycle	  indicates	  that	  a	  
local	  dynamo	  may	  exist.	  
Coronal	  Non-­‐Thermal	  Velocity	  in	  Polar	  Regions	  from	  Solar	  
Minimum	  to	  Cycle	  24	  Solar	  Maximum	  
Contributed	  by	  the	  Hinode/EIS	  team	  through	  the	  Naval	  Research	  Laboratory	  and	  University	  College	  London	  /	  Mullard	  Space	  Sciences	  Laboratory	  
Fe	  XII	  –	  195.12	  Å	  
MagneAc	  Nulls	  
Harra	  et	  al.,	  Solar	  Phys.,	  submi>ed	  2014	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
Contributed	  by	  the	  Hinode/EIS	  team	  through	  the	  Naval	  Research	  Laboratory	  and	  University	  College	  London	  /	  Mullard	  Space	  Sciences	  Laboratory	  
EIS	  context	  rasters	  
EIS	  ﬁeld-­‐of-­‐view	  
VAULT	  	  
Lyman-­‐α	  
EIS	  raster	  images	  in	  diﬀerent	  spectral	  lines	  
• What	  is	  the	  connec<on	  between	  
the	  chromosphere	  ,	  transi<on	  
region,	  and	  corona?	  	  Coordinated	  
observa<ons	  lead	  us	  towards	  
the	  answers.	  
Hinode/EIS	  Coordinated	  ObservaAons	  with	  	  
the	  NRL	  VAULT	  Rocket	  on	  2014	  Sept	  30	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
“The	  Hinode	  satellite’s	  X-­‐Ray	  Telescope	  recently	  observed	  the	  solar	  eclipse	  that	  crossed	  
over	  North	  America	  on	  October	  23rd.	  	  This	  rare	  event	  occurred	  as	  Hinode	  monitored	  
solar	  ﬂares	  from	  the	  largest	  ac<ve	  region	  seen	  on	  the	  Sun	  in	  over	  two	  decades."	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
Hinode	  XRT	  –	  Thin-­‐Be	  
SDO/AIA	  –	  171,	  193,	  94,	  131	  
C1.0	  ﬂare	  on	  Oct	  10th	  shows	  clear	  
signatures	  of	  supra-­‐arcade	  downﬂowing	  
loops	  (SADLs)	  in	  XRT	  and	  the	  hot	  AIA	  	  
channels.	  	  SADLs	  are	  thought	  to	  be	  	  
closely	  related	  to	  magne<c	  reconnec<on.	  
(Savage	  et	  al.	  2012)	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
Derived	  from	  recent	  publica<on	  from	  the	  Hinode/EIS	  team	  through	  the	  Naval	  Research	  Laboratory	  
image for the Fe XIII 202.044Å line formed at 2MK. We draw
attention to this image because it is central to our analysis.
The ratio of the intensities of spectral lines from low FIP and
high FIP elements can be used to calculate their relative
abundances and thus the plasma composition for our full-Sun
map. Previous studies25,35 have examined the abundance
diagnostics in the EIS spectra and concluded that the Si X
258.37Å/S X 264.22Å ratio is one of the best. Compared with the
other available ratios, it is relatively insensitive to the electron
temperature and density. The variation is 30–40% in the
temperature region where the lines are formed (around
1.4MK). There is, however, a strong variation at high
temperatures, and a factor of 2.3 sensitivity to density in the
log n¼ 8–10 range. We therefore need to measure the density to
account for that sensitivity, and convolve the ratio with the EM
distribution to account for any significant high-temperature
emission. Following our previous work25, we performed these
calculations for every pixel in the full-Sun data set by first
deriving the electron density using the Fe XIII 202.04/203.83 ratio
and then using that density to compute contribution functions
(the equivalent of an imager filter’s temperature response) for all
the spectral lines in our observing programme. We used the
CHIANTI database v.7 (refs 36,37) assuming a photospheric
composition for the plasma38. We then fit the observed intensities
by convolving them with an EM distribution derived from a
Monte Carlo simulation. The Monte Carlo code is available in the
PINTofALE software package39,40 and uses a Markov-Chain
algorithm to find the best-fit solution. Only the Fe lines were used
for the EM calculation to minimize any uncertainties due to
elemental abundances. Since Fe and Si are low FIP elements, their
abundances (and hence intensities) are expected to be enhanced
in the corona to a similar degree. Most of the Fe lines used for the
EM analysis, however, lie on the short-wavelength (SW) EIS
detector, whereas the Si X 258.37Å and S X 264.22Å lines
lie on the long-wavelength detector. So, uncertainties in the cross-
calibration of the detectors, and their evolution with time41,42,
could lead to a mismatch between the Fe EM and Si X
258.37Å absolute intensity. We therefore scaled the derived EM
distributions to ensure that the Si X 258.37Å line is reproduced.
This procedure also accounts for any uncertainties in the Fe/Si
abundance. In our previous work25, we found that this scaling
was alwayso20%, but that study used observations from early in
the mission. So, we checked whether the method accounts for any
sensitivity evolution in these more recent data by examining an
area of one of the rasters where many of the pixels require larger
scaling and re-calibrating the line intensities using two different
Fe VIII 185.213 Å Fe X 184.536 Å Fe XII 195.119 Å S X 264.233 Å
FeXVI 262.984 ÅFe XV 284.160 ÅFe XIV 264.787 ÅSi X 258.375 Å
Figure 1 | EIS images of the solar corona. These pure temperature images are constructed from EIS spectral line intensities and cover a range of
temperatures from 0.45 to 2.8MK. They are used to construct EM distributions at every pixel. The mosaic is constructed by recording the top and bottom
readings of the EIS CCD at 26 positions on the solar disk. The observing sequence scans across the central disk, around the North limb and finally
around the South limb. It is sheared East-West in some locations because of solar rotation during the 2-day spectrometer scan. Details of the observing
sequence are given in the main text.
Intensity (erg cm–2 s–1 sr –1)
25 643 1,262 2,5001,881
Figure 2 | EIS image of the solar corona at 2MK. An expanded image of
the solar corona at 2MK constructed from Fe XIII 202.044Å spectral line
intensities. This line was used to determine Doppler velocities, and its
ratio with Fe XIII 203.83Å was used to compute electron densities. It is
formed close in temperature to the Si X 258.37Å/S X 264.22Å ratio used
to measure elemental abundances.
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Full-Sun observations for identifying the
source of the slow solar wind
David H. Brooks1,w, Ignacio Ugarte-Urra1 & Harry P. Warren2
Fast (4700 km s! 1) and slow (B400 km s! 1) winds stream from the Sun, permeate the
heliosphere and influence the near-Earth environment. While the fast wind is known to
emanate primarily from polar coronal holes, the source of the slow wind remains unknown.
Here we identify possible sites of origin using a slow solar wind source map of the entire Sun,
which we construct from specially designed, full-disk observations from the Hinode satellite,
and a magnetic field model. Our map provides a full-Sun observation that combines three key
ingredients for identifying the sources: velocity, plasma composition and magnetic topology
and shows them as solar wind composition plasma outflowing on open magnetic field lines.
The area coverage of the identified sources is large enough that the sum of their mass
contributions can explain a significant fraction of the mass loss rate of the solar wind.
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  1.	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methods that attempt to account for the sensitivity changes41,42.
Our experiment verified that the scaling was reduced to under
30%, which is comparable to the accuracy of the method (see
Methods section). Using the derived distribution, we then
calculated the degree to which the plasma is fractionated by
computing the expected intensity of the S X 264.22Å line. The
ratio of the predicted to observed intensity for this line gives us
our level of fractionation compared with photospheric values.
Given the size of the full-Sun data set, 16 million calculations
were needed to produce a plasma composition map including
every pixel over the full Sun. We show a display version of this
map in Fig. 3, created from the ratio of Si X 258.37Å and S X
264.22Å lines. This image captures the main features of the
composition map, such as whether a structure has photospheric
or coronal abundances and the relative level of enhancement, but
was not used for any of our analysis. We show this map for
presentation because it is only affected by bad pixels or missing
data in the Si X and S X lines, and this is relatively easier to filter
out. The full composition map, however, is affected by bad pixels
and missing data in all of the spectral lines from Fe VIII to Fe
XVI and is therefore much noisier and more difficult to interpret
visually. We stress that we used the full composition map created
using all the spectral lines for all of the quantitative analysis.
We then filtered the full composition map to define areas with
an enhanced (slow wind) composition. We used an enhancement
threshold of 60% to include the entire range of fractionation
values, which accounts for the fact that the slow wind has a
variable composition24. It also attempts to account for the fact
that the Si/S ratio does not always show a clear fractionation
pattern. Although the EIS observations show that the Si/S ratio
can detect variations in composition between, for example, polar
coronal holes (photospheric composition) and active region
outflows (coronal composition)25, the two elements lie close to
the traditionally defined boundary between low and high
FIP elements, and some models43 suggest that the ratio may
underestimate the enhancement factor due to possible under-
fractionation of Si and overfractionation of S. Here we only use
the measurement to determine whether the plasma in a pixel is
fractionated; the actual enhancement factor itself is not used in
any computations. We stress, however, that the EIS composition
measurements are in agreement with the general trends seen in
the in situ data.
Full-Sun velocity map. Regions of enhanced composition could
be possible sources of the slow speed wind, but our full-Sun
composition map alone cannot show us whether the plasma from
these regions is actually upflowing from the solar atmosphere. We
obtained this information from the Doppler shift of the spectral
line centroids, and derived radial velocity maps for several of the
lines in our observations.
The EIS spectrometer has several peculiar characteristics that
make Doppler velocity measurements difficult. For example, EIS
does not observe any photospheric spectral lines, so it is not
possible to obtain an absolutely calibrated wavelength scale. The
Doppler velocities we use are therefore relative velocity measure-
ments. Furthermore, the EIS slit is not perfectly aligned to the
vertical axis of the CCD and there is a drift of the spectrum on
the CCD due to thermal variations in the instrument around the
satellite orbit. These effects have been extensively investigated and
we accounted for them using our best current knowledge of the
instrument28,44. Most of the instrumental effects are corrected
using the recommended neural network model44. This model
uses the Fe XII 195.12Å line as calibration standard and assumes
that velocities in this line are 0 when averaged over the entire
mission. There is some evidence that this assumption is not
accurate45 and that coronal lines may exhibit blue shifts of a few
km s! 1. Therefore, some care needs to be taken when choosing a
reference wavelength to calibrate the Doppler velocities. Here we
refined the velocity measurements by correcting to an off-limb
reference wavelength for the Fe XII 195.12Å line28. This
reference wavelength was obtained by averaging the line profiles
measured in two large quiet regions above the East and West
limbs where the spectral line is expected to be close to its rest (or
slightly blue shifted) wavelength. The wavelength scale was then
shifted to the reference wavelength, and the correction was then
applied to the strong Fe XIII 202.04Å line that is within the same
wavelength band. The final velocity measurements have
uncertainties of B4.5 km s! 1, and they are converted to radial
velocities using a simple cosy expression. Here we only use radial
Doppler velocities calculated from the Fe XIII 202.04Å data.
We show an example velocity map in Fig. 4. It shows regions of
plasma upflow and we can compare their locations with features
in the intensity image in Fig. 2. We see, for example, that the
bright active region in the North West hemisphere (AR11654)
has large areas of upflow, but mostly on the solar Eastern side,
suggesting that we can rule out the red-shifted downflow areas in
and around the active region (AR) core as a solar wind source (in
a direct sense).
Open/closed magnetic field model. The velocity and composi-
tion maps reveal the locations of slow-wind composition plasma
that is upflowing, but the magnetic field topology is key to
determining whether these upflows become outflows, really
escape into interplanetary space and are directed towards the
ecliptic plane where they can be measured in situ. No direct open
magnetic field channel, for example, has been established for the
December 2007 region46, and other cases where the magnetic
topology has been inferred show that not all of the upflows can
escape on open field47. Therefore, we also generated a full-Sun
FIP bias
1 2 3 4
Figure 3 | EIS plasma composition map. Display version of the full-sun
plasma composition map created from the ratio of the Si X 258.37Å and S
X 264.22Å spectral lines. Darker areas correspond to regions with
photospheric abundances. Lighter areas correspond to regions with
enhanced (coronal) abundances. To reduce noise, we treated the map using
a Fast Fourier Transform filtered by a Hanning mask, and excluded bad
pixels and regions outside the solar limb. All of the analysis was performed
on the untreated data60.
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potential field source surface (PFSS) extrapolation48,49 to add this
final piece to the puzzle.
The PFSS approximation has significant limitations. In
particular, the corona is unlikely to be free of electric currents,
and these alter both the strength and connectivity of the magnetic
field compared with a potential configuration. Conversely, the
model has been relatively successful in capturing the large-scale
coronal field10,49,50, which is the objective here, and we only use it
to determine whether a field line is open and whether it extends
down towards the ecliptic plane. Our view is that the most likely
shortcoming of our use of the PFSS model is that we may miss
field lines that bend more dramatically towards the ecliptic.
Definitive confirmation of our results will come from applying
more sophisticated magnetic field models in the future.
We sed the PFSS package available in SolarSoft49. This
package allows access to a database of samples of potential
field models (at 6 h cadence), constructed from Helioseismic
and Magnetic Imager magnetogram observations, for any
heliographic latitude and Carrington longitude. Field lines are
then traced out from these locations until they either close back
onto the Sun or open out to reach the source surface where they
are forced to be radial. We extrapolated magnetic field lines from
each of the EIS coordinates, corresponding to every pixel, using
the nearest sample to the time of the centre of each EIS raster
scan. This ensures that the extrapolation is always made from a
magnetic field model sampled within 3.5 h (often much less),
since the PFSS model generally does not evolve significantly
during that time-frame. We then converted the EIS solar
coordinates in arcseconds to heliographic coordinates, corrected
for the solar B angle, and finally converted to Carrington angles.
We computed a total ofB1.6 million potential field lines from
this model to cover the full Sun. We show a subset of these field
lines in Fig. 5, overlaid on the intensity images in Fig. 1, and again
in Fig. 6, overlaid on the velocity map in Fig. 4. Figure 5 clearly
shows that many of the open-field lines are associated with active
regions, and Fig. 6 shows, for example, that the Eastern outflow
from AR11654 does indeed lie on open magnetic field lines, some
of which extend down into the ecliptic plane.
From the PFSS extrapolation, we determined which magnetic
field lines reach the source surface, and are therefore open, for
every EIS pixel in the data set. These data can then be mapped to
our Doppler velocity and plasma composition maps to find
potential solar wind sources.
Slow solar wind sources and mass loss rate. We combined all
this information to produce our solar wind source map, adopting
a number of criteria to decide whether a pixel should be counted
as a candidate slow-wind source and ultimately included in our
Doppler velocity (km s–1)
–15 –10 5–5 0 10 15
Figure 4 | EIS Doppler velocity map of the corona at 2MK. Full-Sun
coronal Doppler velocity map derived from single Gaussian fits to the Fe XIII
202.044Å spectral line. Blue areas highlight plasma that is flowing towards
the observer. Red areas highlight plasma that is flowing away from the
observer. Vertical artefacts result from the thermal orbital variation of the
spectra and should be ignored. The image is scaled to within ±15 kms! 1.
We discuss the details of the velocity derivation method in the main text.
Fe VIII 185.213 Å Fe X 184.536 Å Fe XII 195.119 Å S X 264.233 Å
Fe XVI 262.984 ÅFe XV 284.160 ÅSi X 258.375 Å Fe XIV 264.787 Å
Figure 5 | EIS images of the solar corona with magnetic field lines overlaid. We have overlaid magnetic field lines from our PFSS calculation on the full-
Sun intensity images in Fig. 1 that cover a broad range of temperatures from 0.45 to 2.8MK. The solid field lines are open and the dotted field lines are
closed. Only a small subset of the total number of field lines we computed are shown. The extrapolations appear different because the subset was chosen
randomly for each intensity image. We have drawn relatively more open-field lines for emphasis.
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loss rate at every pixel, to include every possible type of source,
and calculated the mass flux. As discussed, the mass flux depends
on the choice of velocity threshold, which is illustrated in Fig. 9.
In one extreme, we assume the coronal lines are at rest and
only pixels with velocities above the uncertainty are included. In
the other extreme, we assume the coronal lines have a small
upflow of 1.5 km s! 1 and include all blue-shifted pixels. This
leads to calculated mass loss rates of 1.5–2.5" 1011 g s! 1.
Assuming an Earth-directed isotropic distribution, these
measurements translate to proton flux densities at Earth of
6.6" 107! 1.1" 108 cm! 2 s! 1, which can be compared with the
in situ measurements made in the days following our scan, when
the plasma has had sufficient time to travel to Earth, by the
Advanced Composition Explorer (ACE) Solar Wind Electron,
Proton and Alpha Monitor (SWEPAM)52. The ACE data
(Fig. 10) show that the radial solar wind velocity at Earth was
B400 km s! 1 during the 20–22 January period, which is typical
of the slow wind. The proton flux density is quite stable, with an
average of 1.3" 108 cm! 2 s! 1, and 50–80% of this can be
accounted for by the EIS measurements. The mass flux
comparison and ACE velocity data also imply that there is no
significant contribution from the fast solar wind during the
observation period.
Discussion
The comparison between Hinode and ACE observations
obviously has large uncertainties because ACE makes measure-
ments corresponding to the features that it actually sees along the
Sun-Earth line and projected back to the surface, but since 90% of
the outflow mass flux comes from below 40! latitude (Fig. 7),
the comparison at least shows that the observed sources in the
low corona can potentially supply enough mass flux into the
heliosphere, and towards the ecliptic, to explain most of the actual
in situ particle measurement, rather than a generic value for the
solar wind mass loss rate.
We stress that other candidate sources in the low corona, such
as magnetically confined plasma, un-fractionated photospheric
plasma or downflowing plasma, cannot contribute directly to the
wind: the plasma must first be fractionated to FIP bias levels
measured in situ in the slow solar wind24 and then expelled on
open magnetic field lines. At that point, they would appear in a
solar wind source map similar to ours, with exactly the same
signature that we are showing. The remaining mass flux may be
more likely to come from other sources that are only visible in the
higher corona.
On the basis of our analysis, the majority of the mass flux from
the low corona, however, appears to come from the edges of
Figure 8 | Slow solar wind source map. The sources are overlaid on an AIA
193Å composite intensity image (blue), which we used to correctly coalign
and place the EIS raster data in the mosaic. It shows all regions where
coronal plasma is outflowing on open-field lines that reach close to the
ecliptic plane. These are smoothed with a Gaussian filter to emphasize
areas where there is a larger concentration of sources (red). The map is
then filtered to identify weaker concentrations, and these are merged on to
the image in green. The AIA images have been treated with an unsharp
mask to bring out the details.
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Figure 9 | Relationship between total mass flux and velocity threshold.
Logarithm of the total mass flux as a function of the chosen velocity
threshold.
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Figure 10 | ACE measurements of the solar wind near Earth. Near-Earth
in situ radial velocity profile for 20–22 January measured by ACE/SWEPAM
(a). Proton flux density for the same period (b). The average proton flux
density is shown as the horizontal blue line.
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mass loss rate calculation (see below). Some of these are purely
technical. For example, we only included pixels if the numerical
calculation of the EM distribution was well constrained. We set
the condition that the w2 should be no larger than the number of
lines in the integral inversion. This ensures that the difference
between the calculated and observed intensities is generally within
the calibration uncertainty. Since the EM calculation depends on
the density, we excluded v lu s well outside the range of sensi-
tivity of the ratio (8olog no11). We also excluded pixels with a
poor spectral fit to the Fe XIII 202.04Å line.
A number of other criteria were also used. First, we only
inclu ed pixels where the PFSS field line trace reaches the source
surface, that is, the magnetic field is open. Second, as we show in
Fig. 7, 90% of the mass flux comes from pixels belowB40!, so we
only included pix ls whose traced fi ld line originated from below
this latitude. Practically speaking, none of the field lines from
above this latitude influence our study because they do not extend
down close to the ecliptic plane, but it is unclear how close the
other field lines must reach to be able to deliver mass flux to the
ecliptic plane that can later be observed in situ. Most of the mass
flux originates from above 11!, however (Fig. 7), which implies
that some field lines from these latitudes should not be excluded.
So we set this as the threshold, but it is clearly dependent on the
model, which is of course simplistic. Third, we only included
pixels within the solar radius on January 17 (midway through the
scan). Pixels high above the limb do correspond to locations in
the magnetic field models and a field line can be traced from
them. But those locations rotate over the limb, not radially off-
limb, so the back projection and radial velocity correction have
increasing uncertainty close to and above the limb. Fourth, we
assumed that the plasma w s fractionated if the enhancement
above photospheric levels was 460%; this is well above the
radiometric calibration uncertainty (B23%; ref. 51).
The fraction ion measurements also depend on updat s to the
radiometric calibration. Using an alternative re-calibration of the
sensitivity evolution of the instrument since 2006 (ref. 41), we
calculated that o5% of the pixels would change by more than
this amount. Finally, given the uncertainties in the radial Doppler
velocities (4.5 km s! 1), we have to make a careful choice of
velocity threshold to decide whether the plasma in a pixel is
upflowing or not. There are two possible approaches: assume (1)
that any motions along the line of sight average to 0 so that the
coronal lines are at rest or (2) that they have a blue shift45 of a few
km s! 1. In case (1), the mass flux would be underestimated if
they actually have a small blue shift because fewer pixels would be
included, while case (2) would overestimate the mass flux if they
are at rest because more pixels would be included and their
velocities would also be larger. Both cases will underestimate the
mass flux if we exclude pixels with velocities below 4.5 km s! 1.
Fortunately, the identified source regions are not particularly
sensitive to this choice: the main effect is that they become more
extended and/or denser due to more pixels being included, but
the mass flux calculation itself is significantly affected, as we
discuss below.
We show the final map in Fig. 8. The red and green areas show
regions where enhanced composition plasma is outflowing on
open-field lines that extend down close to the ecliptic plane, and
these areas meet all of the criteria that, in our view, make them
possible sources of the slow-speed solar wind. Their area coverage
is at least 50 times greater than the outflow area estimate by Sakao
et al.16, which is more than enough to overturn the lower density
and velocity measurements found recently for active region
outflows when calculating the mass loss rate contribution to the
slow wind. We calculated the total mass loss rate for our
candidate sources using the formula
M ¼
XN
i¼1
mpnivil2
where mp is the proton mass, ni is the electron density of pixel i, vi
is the radial velocity of pixel i, l2 is the area of an EIS pixel and N
is the total number of pixels that meet all of our selection criteria.
Using the Fe XIII densities and velocities, we measured the mass
Figure 6 | EIS Doppler velocity map of the solar corona at 2MK with
magnetic field lines overlaid. Overlay of magnetic field lines from our PFSS
calculation on the Fe XIII 202.044Å Doppler velocity map in Fig. 4. This
time, the green field lines are open and the orange field lines are closed.
Again, only a small subset of the total number of field lines we computed
are shown: 287 in this case. As with Fig. 5, the field lines are selected
randomly and we have drawn relatively more open-field lines for emphasis.
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Figure 7 | Relationship between total mass flux and magnetic field line-
starting latitude. Percentage of total mass flux as a function of magnetic
field line-starting latitude (red line). Most of the mass flux (90%) comes
from field lines that originate from below 40! latitude (marked by the
vertical blue line on the right hand side). The vertical line on the left hand
side indicates that most of this flux comes from field lines that originate
above a starting latitude of B11!.
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loss rate at every pixel, to include every possible type of source,
and calculated the mass flux. As discussed, the mass flux depends
on the choice of velocity threshold, which is illustrated in Fig. 9.
In one extreme, we assume the coronal lines are at rest and
only pixels with velocities above the uncertainty are included. In
the other extreme, we assume the coronal lines have a small
upflow of 1.5 km s! 1 and include all blue-shifted pixels. This
leads to calculated mass loss rates of 1.5–2.5" 1011 g s! 1.
Assuming an Earth-directed isotropic distribution, these
measurements translate to proton flux densities at Earth of
6.6" 107! 1.1" 108 cm! 2 s! 1, which can be compared with the
in situ measurements made in the days following our scan, when
the plasma has had sufficient time to travel to Earth, by the
Advanced Composition Explorer (ACE) Solar Wind Electron,
Proton and Alpha Monitor (SWEPAM)52. The ACE data
(Fig. 10) show that the radial solar wind velocity a Earth was
B400 km s! 1 during the 20–22 January period, which is typical
of the slow wind. The proton flux density is quite stable, with an
average of 1.3" 108 cm! 2 s! 1, and 50–80% of this can be
accounted for by the EIS measurements. The mass flux
comparison and ACE velocity data also imply that there is no
significant contribution from the fast solar wind during the
observation period.
Discussion
The comparison between Hinode and ACE observations
obviously has large uncertainties because ACE makes measure-
ments corresponding to the features that it actually sees along the
Sun-E rth line and projected back t the surface, but since 90% of
the outflow mass flux comes from below 40! latitude (Fig. 7),
the comparison at least shows that the observed sources in the
low corona can potentially supply enough mass flux into the
heliosphere, and towards the ecliptic, to explain most of the actual
in situ particle measurement, rather than a generic value for the
solar wind mass loss rate.
We stress that other candidate sources in the low corona, such
as magnetically confined plasma, un-fractionated photospheric
plasma or downflowing plasma, cannot contribute directly to the
wind: the plasma must first be fractionated to FIP bias levels
measured in situ in the slow solar wind24 and then expelled on
open magnetic field lines. At that point, they would appear in a
solar wind source map similar to ours, with exactly the same
signature that we are showing. The remaining mass flux may be
more likely to come from other sources that are only visible in the
higher corona.
On the basis of our analysis, the majority of the mass flux from
the low corona, however, appears to come from the edges of
Figure 8 | Slow solar wind source map. The sources are overlaid on an AIA
193Å composite intensity image (blue), which we used to correctly coalign
and place the EIS raster data in the mosaic. It shows all regions where
coronal plasma is outflowing on open-field lines that reach close to the
ecliptic plane. These are smoothed with a Gaussian filter to emphasize
areas where there is a larger concentration of sources (red). The map is
then filtered to identify weaker concentrations, and these are merged on to
the image in green. The AIA images have been treated with an unsharp
mask to bring out the details.
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Figure 9 | Relationship between total mass flux and velocity threshold.
Logarithm of the total mass flux as a function of the chosen velocity
threshold.
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Figure 10 | ACE measurements of the solar wind near Earth. Near-Earth
in situ radial velocity profile for 20–22 January measured by ACE/SWEPAM
(a). Proton flux density for the same period (b). The average proton flux
density is shown as the horizontal blue line.
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  -­‐	  Shear	  line	  due	  to	  solar	  rota<on	  
	  	  	  	  	  	  	  during	  2-­‐day	  scan	  
	  	  	  	  	  -­‐	  Red/Green:	  	  	  
	  *	  Coronal	  composi<on	  
	  *	  Ou|lowing	  plasma	  
	  *	  Open	  ﬁeld	  that	  extends	  
	  	  	  down	  to	  eclip<c	  plane	  
	  	  	  	  	  -­‐	  Red	  à	  AcAve	  region	  (AR)	  boundaries	  
	  	  	  	  	  -­‐	  Green	  à	  ~Holes	  b/t	  ARs	  
	  	  	  	  	  -­‐	  [Other	  unknown	  source	  high	  in	  corona]	  
In	  situ	  measurements	  from	  ACE	  
	  	  	  	  	  -­‐	  Stable	  slow	  solar	  wind	  
	  	  	  	  	  -­‐	  EIS	  source	  m p	  poten<ally	  
	  	  	  	  	  	  	  accounts	  for	  50-­‐80%	  of	  the	  ﬂux	  
Note:	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
~90%	  of	  the	  solar	  wind	  ﬂux	  
orig nates	  below	  40°	  la<tude	  
	  
Op<mal	  candidate	  campaign	  for	  
Hinode	  Focused	  Mod 	  operaAons,	  
except	  for	  signiﬁcant	  t c .	  issue:	  
	  	  	  	  	  -­‐	  Reduced	   umber	  of	  
	  	  	  	  	  	  	  commands	  available	  	  
	  
Possible	  solu<on:	  	  Reduce	  number	  of	  
poin<ngs	  to	  encompass	  this	  90%	  	  
region.	  
	  
Telemetry	  would	  s<ll	  be	  a	  challenge.	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XRT	   EIS	  Fe	  XIII	  Intensity	   Doppler	  velocity	   Nonthermal	  width	  
One	  of	  the	  best	  sigmoidal	  ac<ve	  regions	  of	  the	  Hinode	  mission	  was	  observed	  on	  
December	  6/7,	  2007.	  	  It	  is	  s<ll	  providing	  a	  wealth	  of	  informa<on	  about	  these	  kinds	  of	  
structures	  today.	  
Contributed	  by	  the	  Hinode/XRT	  team	  through	  the	  Smithsonian	  Astrophysical	  Observatory	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Doppler	  velocity	   Nonthermal	  width	  Magne<c	  ﬁeld	  model	  
Non-­‐linear	  force-­‐free	  magne<c	  ﬁeld	  (NLFFF)	  models	  are	  constructed	  from	  photospheric	  
magnetograms	  and	  constrained	  by	  XRT	  data.	  	  When	  compared	  with	  EIS	  observa<ons,	  the	  
ﬁeld	  model	  shows	  that	  the	  twisted	  core	  loops	  contain	  downﬂowing	  plasma,	  and	  provides	  
evidence	  that	  large	  non-­‐thermal	  widths	  are	  caused	  by	  addi<onal	  hea<ng	  due	  to	  
reconnec<on	  that	  takes	  place	  at	  the	  edge	  of	  the	  ﬂux	  rope.	  
A.	  Savcheva	  et	  al.,	  2015a,	  in	  prepara6on	  
Contributed	  by	  the	  Hinode/XRT	  team	  through	  the	  Smithsonian	  Astrophysical	  Observatory	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Although	  the	  NLFFF	  models	  were	  op<mized	  to	  match	  XRT	  observa<ons,	  the	  Q	  maps	  
derived	  from	  these	  models	  also	  correspond	  to	  observed	  ﬂare	  ribbons	  in	  the	  EUV,	  
indica<ng	  a	  connec<on	  between	  the	  magne<c	  topology	  and	  observed	  ﬂare	  features.	  	  
	  
The	  above	  ﬁgure	  shows	  maps	  of	  the	  squashing	  factor	  Q	  (le)	  and	  an	  overlay	  of	  Q	  >	  1E3	  on	  
a	  STERO	  EUVI	  171	  image	  (right)	  showing	  ﬂare	  ribbons.	  High	  Q	  indicates	  highly	  divergent	  
magne<c	  ﬁeld	  structures.	  
A.	  Savcheva	  et	  al.,	  2015b,	  in	  prepara6on	  
Contributed	  by	  the	  Hinode/XRT	  team	  through	  the	  Smithsonian	  Astrophysical	  Observatory	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The	  largest	  ac<ve	  regions	  usually	  appear	  in	  the	  declining	  
phase	  of	  the	  Solar	  cycle,	  aer	  the	  peak	  of	  the	  sunspot	  
number	  has	  passed.	  
The	  sunspot	  group	  on	  24	  October	  2014	  (le)	  
was	  the	  largest	  seen	  since	  1990.	  	  It	  is	  larger	  
than	  the	  Hinode	  SOT/BFI	  Field	  of	  View	  (220	  x	  
110	  arcseconds)	  
This	  region	  on	  3	  February	  
2015	  has	  perhaps	  the	  largest	  
area	  of	  any	  region	  this	  cycle.	  	  
This	  vector	  magne<c	  map	  
was	  made	  using	  the	  newly-­‐
perfected	  SOT/SP	  mosaic	  
observing	  mode	  (600	  x	  160	  
arcsec)	  
Contributed	  by	  the	  Hinode/SOT	  team	  through	  the	  Lockheed	  Mar<n	  Solar	  Astrophysics	  Lab	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Large	  ﬂares	  con<nue	  to	  occur	  well	  past	  the	  sunspot	  maximum,	  
providing	  many	  X-­‐	  and	  M-­‐ﬂares	  for	  Hinode,	  RHESSI,	  and	  the	  rest	  
of	  the	  HSO	  to	  observe.	  	  This	  X3.1	  ﬂare	  on	  October	  24,	  2014,	  was	  
in	  AR	  12192,	  which	  produced	  6	  X-­‐ﬂares	  (right)	  but	  no	  CMEs.	  	  
The	  reason	  for	  this	  lack	  of	  erup<ons	  may	  be	  the	  rela<vely	  low	  
“magne<c	  free	  energy”	  in	  this	  region,	  despite	  its	  huge	  sunspots	  
and	  magne<c	  ﬂux.	  
Contributed	  by	  the	  Hinode/SOT	  team	  through	  the	  Lockheed	  Mar<n	  Solar	  Astrophysics	  Lab	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Aer	  reversing	  their	  polarity	  
around	  Solar	  Maximum,	  the	  polar	  
magne<c	  ﬁelds	  strengthen	  (Shiota	  
et	  al,	  2015,	  in	  prep).	  	  Polar	  coronal	  
holes	  begin	  to	  form,	  
intermi>ently	  at	  ﬁrst,	  and	  some	  
traces	  of	  the	  next	  solar	  cycle	  
begin	  to	  appear	  at	  high	  la<tudes.	  
“Band-­‐O-­‐Gram,”	  showing	  the	  la<tude	  migra<on	  of	  EUV	  bright	  points	  and	  the	  presence	  of	  
two	  cycles	  on	  the	  Sun	  simultaneously.	  	  The	  new	  cycle	  points	  can	  be	  seen	  in	  high	  
Northern	  la<tudes	  star<ng	  in	  2011.	  	  One	  of	  the	  Hinode	  2015	  Senior	  Review	  science	  goals	  
is	  to	  repeat	  these	  analyses	  with	  a	  full	  cycle	  of	  XRT	  images.	  	  From	  McIntosh	  et	  al,	  2014	  
ApJ,	  792,	  12.	  
XRT	  Al	  mesh	  
	  28-­‐Feb-­‐2015	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Contributed	  by	  the	  Hinode/EIS	  team	  through	  the	  Naval	  Research	  Laboratory.	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Summary:	  
	  
**	  New	  study	  indicates	  
inverse	  FIP	  eﬀect	  
observed	  during	  ﬂare.	  
	  
-­‐  Indica<ve	  of	  
chromospheric	  
evapora<on	  in	  
sunspot	  
-­‐  Observed	  in	  other	  
stars	  but	  not	  before	  
on	  Sun	  
Contributed	  by	  the	  Hinode/EIS	  team	  through	  the	  Naval	  Research	  Laboratory.	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Hinode	  captured	  a	  spectacular	  
ﬁlament	  erup<on	  on	  April	  28,	  
2015.	  
	  
XRT	  Al-­‐mesh	  images	  show	  the	  
prominence	  be>er	  than	  the	  Al-­‐
poly	  images	  because	  of	  the	  low	  
temperature	  response	  of	  that	  
ﬁlter.	  
	  
Bright	  loops	  and	  streamers	  that	  
are	  the	  consequences	  of	  
reconnec<on	  in	  the	  wake	  of	  the	  
erup<on	  are	  prominently	  seen	  
in	  XRT	  data,	  and	  can	  also	  be	  
seen	  (though	  more	  faintly)	  in	  
the	  AIA	  193	  data.	  
	  
Contributed	  by	  the	  Hinode/XRT	  team	  through	  the	  Smithsonian	  Astrophysical	  Observatory	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IRIS	  caught	  the	  ﬁlament	  
lioﬀ,	  allowing	  for	  a	  
detailed	  analysis	  of	  the	  
dynamics	  of	  the	  erup<on.	  
Contributed	  by	  the	  Hinode/XRT	  team	  through	  the	  Smithsonian	  Astrophysical	  Observatory	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EIS	  Fe	  XI	   EIS	  Fe	  XII	   EIS	  Fe	  XIII	   EIS	  Fe	  XV	  
EIS	  Fe	  XI	   EIS	  Fe	  XII	   EIS	  Fe	  XIII	   EIS	  Fe	  XV	  
EIS	  scans	  in	  mul<ple	  wavelengths	  before	  and	  aer	  the	  erup<on	  show	  the	  changes	  in	  
the	  corona	  caused	  by	  the	  disturbance.	  	  Post	  erup<on	  loops	  are	  clearly	  seen	  in	  the	  Fe	  
XV	  scan.	  
Contributed	  by	  the	  Hinode/XRT	  team	  through	  the	  Smithsonian	  Astrophysical	  Observatory	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Via	  the	  Hinode/XRT	  team	  through	  the	  Smithsonian	  Astrophysical	  Observatory	  
-­‐  Ac<ve	  Regions	  (AR)	  are	  regions	  where	  the	  
sun’s	  magne<c	  ﬁeld	  is	  strong	  and	  hot	  and	  
cool	  plasma	  is	  trapped.	  	  
-­‐  A	  ﬁlament	  (or	  ﬁlament	  channel,	  a.k.a.	  
prominence	  on	  limb)	  is	  cool,	  thick	  plasma	  
suspended	  above	  the	  surface	  where	  the	  
magne<c	  ﬁeld	  is	  changing.	  	  They	  appear	  
shrouded	  in	  X-­‐rays.	  
-­‐  A	  coronal	  cavity	  is	  a	  tube-­‐like	  hole	  in	  the	  
corona	  that	  typically	  sits	  above	  ﬁlament	  
channels	  and	  are	  best	  viewed	  on	  the	  limb.	  
-­‐  Prominence	  arcade	  loops	  are	  the	  hot	  coronal	  
loops	  that	  prevent	  prominences	  from	  
erup<ng.	  	  When	  a	  prominence	  erupts,	  it	  has	  
to	  tear	  these	  loops,	  which	  usually	  causes	  a	  
coronal	  mass	  ejec<on	  with	  a	  solar	  ﬂare.	  
-­‐  The	  south	  polar	  coronal	  hole	  is	  visible	  for	  this	  
image.	  	  The	  poles	  are	  regions	  where	  weak	  
magne<c	  ﬁelds	  exist	  of	  the	  same	  polarity.	  	  
The	  fast	  solar	  wind	  originates	  in	  coronal	  
holes.	  
-­‐  The	  ﬁlament	  sigmoid	  is	  a	  highly	  
unpredictable	  ﬁlament	  that	  is	  likely	  to	  erupt.	  	  
They	  are	  usually	  near	  or	  inside	  ac<ve	  regions	  
are	  are	  closely	  monitored	  for	  space	  weather	  
ac<vity.	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XRT	  	  
	  
So	  X-­‐ray:	  	  Corona	  
0.5	  –	  20	  Million	  degrees	  
Kanzelhöhe	  Solar	  Observatory	  	  
(ESA	  –	  Ground-­‐based)	  
	  
H-­‐alpha:	  	  Chromosphere	  
~10,000	  degrees	  
Via	  the	  Hinode/XRT	  team	  through	  the	  Smithsonian	  Astrophysical	  Observatory	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Using	  the	  transit	  of	  Venus	  to	  probe	  the	  upper	  planetary	  atmosphere	  	  
Nature	  Communica6ons,	  June	  2015,	  DOI:	  10.1038/ncomms8563	  	  
h>p://www.nasa.gov/feature/goddard/scien<sts-­‐study-­‐venus-­‐
atmosphere-­‐through-­‐transit	  
	  
h>p://www.csmonitor.com/Science/2015/0623/Venus-­‐Does-­‐
this-­‐sunlight-­‐make-­‐me-­‐look-­‐fat	  
	  
h>p://www.natureasia.com/en/research/highlight/9988/	  
	  
	  
Venus	  transit	  images	  from	  Hinode	  and	  
SDO	  show	  that	  the	  planet’s	  atmosphere	  is	  
more	  extended	  than	  previously	  thought,	  
implica<ons	  for	  exoplanetary	  transit	  
measurements	  with	  diﬀerent	  wavelengths	  
and	  for	  planetary	  probes	  encountering	  
and/or	  using	  atmospheric	  drag.	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h>ps://www.ras.org.uk/news-­‐and-­‐press/2676-­‐searing-­‐
sun-­‐seen-­‐in-­‐x-­‐rays	  
	  
h>p://www.nasa.gov/jpl/nustar/searing-­‐sun-­‐seen-­‐in-­‐x-­‐
rays	  
	  
“Seering	  Sun	  seen	  in	  X-­‐rays”	  
Blue	  =	  NuSTAR	  (highest	  energy)	  
Green	  =	  Hinode/XRT	  
Red/Yellow	  =	  SDO/AIA	  
	  
Combined	  data	  used	  to	  search	  for	  
nanoﬂare	  hea<ng	  of	  the	  corona.	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Contributed	  by	  the	  Hinode/SOT	  team	  through	  the	  Lockheed	  Mar<n	  Solar	  Astrophysical	  Laboratory	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Contributed	  by	  the	  Hinode/SOT	  team	  through	  the	  Lockheed	  Mar<n	  Solar	  Astrophysical	  Laboratory	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
Contributed	  by	  the	  Hinode/SOT	  team	  through	  the	  Lockheed	  Mar<n	  Solar	  Astrophysical	  Laboratory	  
2-­‐3.	  Hinode	  ScienAﬁc	  AcAviAes	  
(e.g., Ionson1978, Sakurai+1991, 
Goossens+2002)�
Resonant Absorption triggers azimuthal flows on 
the surface of flux tube�
● in-phase velocity patterns at 2 slit locations�
     (green and red)�
● changing velocity sign with time�
● 180-degree difference between POS �
     displacement and LOS velocity�
● Temperature transition�
This mechanism can explain the observed 
features:�
kink oscillation�
azimuthal motion�
 LOS velocity (red) and transverse displacement 
(yellow) over x-t plot (background)�
Hinode and IRIS observations�
Numerical simulation�
Contributed	  by	  the	  Hinode/SOT	  team	  through	  the	  Lockheed	  Mar<n	  Solar	  Astrophysical	  Laboratory	  
3-­‐1,	  3-­‐2.	  Focused	  Mode	  CoordinaAon	  
§  Status:	  	  Operable	  
§  No	  major	  issues	  reported	  from	  the	  teams.	  
§  (Report	  from	  SOT	  upcoming.)	  
§  Request	  for	  FM	  HOPs	  sent	  to	  community	  via	  SolarNews.	  
§  Focused	  Mode	  coordina<on	  
§  Priority	  list	  circula<ng	  with	  weekly	  mee<ngs	  
§  Ac<ve	  Region	  evolu<on	  (ﬂux	  emergence,	  waves	  in	  sunspots,	  ﬂare	  monitoring)	  
§  Coronal	  Holes	  
§  Prominence	  /	  Filament	  
§  Disk-­‐center	  (long	  baseline	  synop<c	  scans)	  
§  Polar	  magne<c	  network	  
§  Focused	  Mode	  Liaison	  no	  longer	  needed?	  
3-­‐1,	  3-­‐2.	  Focused	  Mode	  CoordinaAon	  
§  Status:	  
§  SOT	  report:	  
§  Pure	  FM	  week	  easier	  and	  quicker	  than	  a	  normal	  week	  
§  Transi<on	  week	  is	  a	  li>le	  harder	  
§  Harder	  to	  stay	  on	  best	  AR	  target	  
§  Long	  con<nuous	  observa<ons	  are	  good,	  but	  requires	  a	  decent	  target	  during	  
planning	  
§  Not	  clear	  if	  it	  saves	  funds	  
§  Hours	  spent	  for	  mission	  ops	  is	  about	  the	  same	  in	  FM	  and	  normal	  mode	  
(pourquoi?)	  and	  slightly	  higher	  in	  transi<ons-­‐-­‐diﬀerences	  are	  not	  
sta<s<cally	  signiﬁcant;	  more	  signiﬁcant	  eﬀects	  are	  who	  is	  CO	  and	  if	  the	  
shi	  shared	  by	  2	  people.	  	  
§  CO	  comments	  
§  It	  takes	  longer	  to	  do	  a	  7	  day	  plan	  but	  not	  3	  <mes	  longer.	  Health	  
monitoring,	  data	  checking,	  coordina<on,	  reports	  take	  the	  same	  
amount	  of	  <me.	  
§  Yugma	  and	  poin<ng	  tool	  problems	  were	  highlighted	  with	  one	  
planning	  opportunity	  per	  week	  
3-­‐1,	  3-­‐2.	  Focused	  Mode	  CoordinaAon	  
§  HOP	  79	  could	  not	  be	  run	  in	  June	  due	  to	  a	  combina<on	  of	  focused	  
mode	  and	  major	  ﬂare	  watch	  restric<ons	  
§  HOP	  285	  (with	  VTT	  and	  IRIS)	  was	  limited	  due	  to	  availability	  of	  
tracking	  curves	  in	  the	  7-­‐day	  plan	  
§  This	  should	  be	  expected	  by	  or	  explained	  to	  the	  HOP	  proposers	  
during	  FM.	  
§  Took	  longer	  to	  assemble	  a	  full	  set	  of	  SP/FG	  ﬂat	  ﬁelds	  prior	  to	  and	  
during	  eclipse	  season	  
§  A	  poin<ng	  table	  upload	  had	  to	  be	  made	  during	  one	  of	  the	  7-­‐day	  
plans,	  changing	  the	  SOT	  center	  poin<ng	  from	  a	  ﬂare	  site	  between	  2	  
emerging	  ac<ve	  regions	  to	  the	  leading	  spot	  of	  the	  westernmost	  
region	  when	  ac<vity	  returned	  to	  a	  lower	  level.	  
§  Did	  this	  go	  smoothly?	  
3-­‐1,	  3-­‐2.	  Focused	  Mode	  CoordinaAon	  
§  Flare	  WatchDog	  
§  Yumi	  Bamba-­‐san	  has	  been	  ﬁlling	  this	  posi<on	  very	  well	  while	  working	  on	  her	  thesis	  
§  Sugges<ons	  for	  successor?	  	  Con<nue	  with	  a	  graduate	  student?	  
§  Does	  the	  procedure	  need	  to	  be	  sent	  around	  to	  the	  COs	  or	  just	  the	  FWD?	  
*Shimizu,	  SWG2014	  
3-­‐3.	  Focused	  Mode	  Calendar	  
November	  24th	  is	  Thanksgiving	  week	  (less	  US	  support	  already)	  and	  well	  into	  IRIS	  eclipse	  season.	  	  FM	  during	  Dec/Jan	  holidays.	  
3-­‐3.	  Focused	  Mode	  Calendar	  
Frac<onal	  reduc<on	  in	  <meline	  crea<on	  (R):	  
R =
N plansNorm −N plansNorm+FM
N plansNorm
N plansNorm+FM ≈ N plansNorm − (N weeksFM ∗ 2)
N plansNorm ≈ (52weeks) ∗ (3
plans
week
) = 156 plans
R ≈
N weeksFM ∗ 2
156
18	  weeks	  of	  FM	  (2015)	  à	  35%	  of	  the	  year;	  23%	  reduc<on	  in	  number	  of	  plans	  generated	  
15	  weeks	  of	  FM	  à	  28%	  of	  the	  year;	  19%	  reduc<on	  
	  
Keep	  FM	  frequency	  as	  proposed	  or	  reduce	  by	  one	  3	  week	  run	  un<l	  the	  next	  review	  cycle	  
(2018)?	  	  [i.e.,	  phasing]	  
Before	  looking	  ahead	  to	  2016….	  
3-­‐3.	  Focused	  Mode	  Calendar	  
November	  22ND	  is	  Thanksgiving	  week	  (less	  US	  support	  already)	  and	  well	  into	  IRIS	  eclipse	  season	  (to	  be	  conﬁrmed).	  	  FM	  during	  Dec/Jan	  holidays.	  
PROPOSED	   PROPOSED	   PROPOSED	   PROPOSED	   PROPOSED	   PROPOSED	  
***	  Hi-­‐C	  II	  launch	  in	  June/July??	  **	  
5.	  	  NASA	  situaAon	  
5.	  	  NASA	  situaAon	  
5.	  	  NASA	  situaAon	  
5.	  	  NASA	  situaAon	  
-­‐	  
